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PATENT 

Attorney Docket No. 401479/AOYAMA 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
IZUO et al. 

Art Unit: Unknown 

Application No. Unknown 

Examiner: Unknown 

Filed: December 11 , 2001 

For: ELECTROCHEMICAL ETCHING 
METHOD AND APPARATUS AND 
PRODUCT MANUFACTURED 
THEREBY 

PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to the examination of the above-identified patent application, please enter the 
following amendments and consider the following remarks. 

IN THE DRAWINGS: 

The Examiner is requested to approve the changes to Figure 10 as indicated in the 
attached Request for Approval of Drawing Amendments. 

IN THE SPECIFICATION: 

Replace the paragraph beginning at page 1, line 5 with: 

The present invention relates to an electrochemical etching method and apparatus. In 
particular, the present invention relates to a method and apparatus in which an n-type silicon 
substrate is exposed at one surface to an electrolyte and at an opposite surface to light, so that 
a pore (hole) or a trench (groove) of a certain size and shape is formed in the substrate as an 
etching current flowing in the substrate is controlled by the light. Also, the present invention 
relates to a product, e.g., a semiconductor device, made by the use of the electrochemical 
etching method. It is to be understood that the present invention is preferably applicable to a 
method and apparatus for electrochemical etching for the formation of pores or trenches 
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having a diameter or width of 50nm or more in the n-type silicon substrate. However, the 
present invention is not limited by the size of the pore or trench. 

Replace the paragraph beginning at page 1, line 24 with: 

Japanese Patent Publication No. 2,694,731 discloses an electrochemical etching 
system which uses light to form small pores or trenches in an n-type doped silicon substrate. 
The system has a holder for holding the n-type doped silicon substrate (silicon wafer) with 
one surface of the substrate contacted with an electrolyte (hydrofluoric acid). Also, the 
holder retains an electrode in the electrol3^e so that the electrode opposes the silicon 
substrate. With this etching system, the silicon substrate is positively biased and the 
electrode in the electrolyte is negatively biased. The opposite side of the silicon substrate 
away from the electrolyte is exposed to light, causing holes in the silicon substrate. The holes 
travel a boundary region between the silicon substrate and the electrolyte to resolve the 
boimdary portion of the silicon substrate. This means that an arrangement of a masking 
barrier (coating) with one or more apertures (pits) on the surface of the silicon substrate 
adjacent to flie electrolyte, results in the formation of the pores or trenches in the substrate 
portions, corresponding to the apertures. 

Replace the paragraph beginning at page 2, line 20 with: 

The Journal of Electrochemical Society, No. 140, October 1993, pp. 2836-2843 
discloses a back light device for the illumination of a silicon substrate. The light device has a 
lamp for emitting light, an infrared filter for removing infrared light from the emitted light, 
and a convex lens for coUimating the light emitted from the lamp. 

Replace the paragraph beginning at page 3, line 1 with: 

Also, the Journal of Electrochemical Society, No. 137, February 1990, pp. 653-659 
discloses an electrochemical etching device which uses a lOOW tungsten lamp for the back 
light device. 

Replace the paragraph beginning at page 3, line 5 with: 

Further, Japanese Patent Publication No. 1 1-509644 discloses a system for 
manufacturing devices with electrochemical etching. Japanese Patent Publication No. 11- 
154737 discloses a manufacturing system for incorporating a capacitance in the trench 
formed by the electrochemical etching technique. The Journal of Electrochemical Society, 
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No. 137, February 1990, pp. 653-659 discloses an embodiment in which an aperture or trench 
of 20 X 20 mm is formed in the silicon substrate by the etching technique. 

Replace the paragraph beginning at page 4, line 9 with: 

Another object of the present invention is to provide devices, e.g., semiconductor 
devices and sensors, such as acceleration sensors, manufactured through such electrochemical 
etching method. 

Replace the paragraph beginning at page 10, line 21 with: 

Fig. 4 is an enlarged cross sectional view taken along lines IV-IV in Fig, 3, showing 
the grid electrode layer in an exaggerated fashion; 

Replace the paragraph beginning at page 11, line 14 with: 

Figs. 10 A and 1 OB are a schematic plan view and a detail view of the grid electrode 
plate for use in the electrochemical etching system according to the seventh embodiment; 

Replace the paragraph beginning at page 27, line 1 8 with: 

Although in the first embodiment the grid metal layer is integrally formed on the back 
surface of the silicon substrate, it may be formed as an independent member capable of being 
separated from the silicon wafer. Specifically, Fig. lOA shows a grid metal plate 140 made 
of an electrically conductive material and Fig. lOB shows a detail view of the grid metal 
plate. Preferably, as described above, the size of the grid 142 and of the openings 144 in the 
grid metal plate 140 are determined so that the size of the grid 142 is smaller than the 
thickness of the silicon substrate. 

IN THE CLAIMS: 

Replace the indicated claims with: 

1 . (Amended) An electrochemical etching system, comprising: 
an etching bath for holding an n-type silicon substrate so that a first surface of said 
silicon substrate contacts hydrofluoric acid; 

an electrode positioned in the hydrofluoric acid; 
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a power source having a positive terminal connected to the silicon substrate and a 
negative terminal connected to the electrode; and 

an illumination unit having a light source for illumination of a second surface of the 
silicon substrate with an illumination intensity of at least lOmW/cm^. 

2. (Amended) The electrochemical etching system in accordance with claim 1, 
wherein a ratio of a maximum illumination to a minimum illumination of the second surface 
of the silicon substrate is no more than 1 .69: 1 . 

3. (Amended) The electrochemical etching system in accordance with claim 1, 
further comprising: 

a reference electrode positioned in the hydrofluoric acid; and 

a voltage meter electrically connected between said reference electrode and the silicon 
substrate. 

4. (Amended) The electrochemical etching system in accordance with claim 1, 
wherein said illumination unit has an illumination controller for controlling the illumination 
of the second surface of the silicon substrate. 

5. (Amended) The electrochemical etching system in accordance with claim 4, 
wherein said illumination controller controls quantity of light emitted from said light source. 

6. (Amended) The electrochemical etching system in accordance with claim 4, 
wherein said illumination controller has a modulator, said modulator being connected 
between said light source and the silicon substrate for modulating the light emitted from said 
light source. 

7. (Amended) The electrochemical etching system in accordance with claim 4, 
further comprising: 

a current detector for detecting an electric current supplied from said power source to 
the silicon substrate; and 

an electric circuit for controlling quantity of the light emitted from said light source 
based upon the electric current detected by said current detector. 

8. (Amended) The electrochemical etching system in accordance with claim 1, 
further comprising a unit for retaining a stable quality of the hydrofluoric acid. 
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9. (Amended) The electrochemical etching system in accordance with claim 1, 
further comprising a metal plate positioned on the second surface of the silicon substrate, said 
metal plate having a plurality of openings arranged uniformly for transmitting the light 
emitted from said illumination unit toward the second surface of the silicon substrate, 

10. (Amended) The electrochemical etching system in accordance with claim 9, 
wherein said metal plate is electrically conductive and mounted on the second surface of the 
silicon substrate. 

11. (Amended) The electrochemical etching system in accordance with claim 10, 
wherein said metal plate is integrally formed on the second surface of the substrate. 

12. (Amended) The electrochemical etching system in accordance with claim 10, 
wherein said metal plate is independently formed on the second surface of the substrate. 

13. (Amended) The electrochemical etching system in accordance with claim 9, 
wherein a part of said metal plate remaining between neighboring openings has a width larger 
than a thickness of the silicon substrate. 

14. (Amended) An electrochemical etching method comprising: 

placing a first surface of an n-type silicon substrate in contact with an electrolyte, 
illuminating a second surface of the silicon substrate with an illumination intensity of 

at least lOmW/cm^, and 

controlling an etching current with the illumination of the second surface to form a 

pore or trench in the first surface of the silicon substrate 

15. (Amended) The electrochenaical etching method in accordance with claim 14, 
further comprising: 

arranging a metal plate on the second surface of the silicon substrate, the metal plate 
having a plurality of openings arranged uniformly; and 

illuminating the second surface of the n-type silicon through the openings. 

16. (Amended) The electrochemical etching method in accordance with claim 14, 
wherein a ratio of a maximum illumination to a minimum illumination of the second surface 
of the silicon substrate is no more than 1 .69: 1 . 

17. (Amended) An electrochemical etching method comprising: 

placing a first surface of an n-type silicon substrate in contact with an electrolyte; 
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illuminating a second surface of the silicon substrate with a first illumination intensity 
of at least lOmW/cm^, controlling an etching current with the illumination of the second 
surface to form pores or trenches in the first surface of the silicon substrate extending toward 
the second surface of the silicon substrate; and 

thereafter illuminating the second surface of the silicon substrate with a second 
illumination intensity, higher than the first illumination intensity, to extend the pores or 
trenches laterally to connect the pores or trenches to each other. 

1 8. (Amended) A product manufactured by the electrochemical etching method in 
accordance with claim 14. 

IN THE ABSTRACT: 

Replace the Abstract with: 

ABSTRACT 

An electrochemical etching system has an etching bath for holding an n-type silicon 
substrate with a first surface of the substrate in contact with hydrofluoric acid, an electrode 
positioned in the hydrofluoric acid, a power source having a positive pole connected to the 
silicon substrate and a negative pole connected to the electrode, and an illumination unit 
having a light source for illumination of a second surface of the silicon substrate. The 
illumination unit illimiinates the second surface of the silicon substrate with an illumination 
intensity of lOmW/cm^ or more. A ratio of a maximum illumination to a minimum 
illumination of the second surface of the silicon substrate is 1.69:1 or less. With the etching 
system, pores and/or trenches of a certain size and shape can be formed in an entire area of 
the silicon substrate having a diameter of more than three inches. 
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REMARKS 



The foregoing Amendment corrects translational errors and conforms the claims to 
United States practice. No new matter is added. 



Respectfully submitted, 




Is J 
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m THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Application of: 
IZUO et al. 

Art Unit: Unknown 

Application No. Unknown 

Examiner: Unknown 

Filed: December 11,2001 

For: ELECTROCHEMICAL ETCHING 
METHOD AND APPARATUS AND 
PRODUCT MANUFACTURED 
THEREBY 



AMENDMENTS TO SPECIFICATION, CLAIMS AND 
ABSTRACT MADE VIA PRELIMINARY AMENDMENT 

Amendments to the paragraph beginning at page 1, line 5: 

The present invention relates to an electrochemical etching method and apparatus. In 
particular, the present invention relates to a method and apparatus in which an n-tjrpe silicon 
substrate is exposed atnte one surface to an electrolj^e and at=^ an opposite surface to light, 
so tha t tho Qubotrato ia formed witii a pore (hole) or a trench (groove) of a certain size and 
shape=#s is formed in the substrate as an etching current flowing in the substrate is controlled 
by the light. Also, the present invention relates to a product, e.g., a semiconductor device, 
made by the use of the electrochemical etching method. It is to be understood that the present 
invention is preferably applicable to a method and apparatus for=^ electrochemical etching 
for the formation of pores or trenches having a diameter or width of 50imi or more in the n- 
type silicon substrate. However, the present invention is not limited by the size of the pore or 
trench. 

Amendments to the paragraph beginning at page 7, line 24: 

Bhe= Japanese Patent Publication No. 2,694,73 1 discloses an electrochemical etching 
system which uses light to form small pores or trenches in an n-type doped silicon substrate. 
The system has a holder for holding the n-type doped silicon substrate (silicon wafer) with 
one surface of the substrate contacted with an electrolj^e ( hvdrofluorioaoid h vdrofluoric 
acid). Also, the holder retains an electrode in the electrolyte so that the electrode opposes4e 
the silicon substrate. With this etching system, the silicon substrate is positively biased and 
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the electrode in the electrolyte is negatively biased. The opposite side of the silicon substrate 
away from the electrolyte is exposed to light, causing holes in the silicon substrate. The holes 
travel a boundary region=#f between the silicon substrate and the electrolyte to resolve the 
boundary portion of the silicon substrate. This means that an arrangement of a masking 
barrier (coating) with one or more apertures (pits) on the surface of the silicon substratCf 
adjacent to the electrolyte, results in the formation of the pores or trenches in the substrate 
portions, corresponding to the apertures. 

Amendments to the paragraph beginning at page 2, line 20: 

The Journal of Electrochemical Society, No. 140, October 1993, pp. 2836-2843 
discloses a back light device for the illumination of a silicon substrate. The light device has a 
lamp for emitting light, an infrared filter for removing infrared light from the emitted light, 
and a convex lens for coUimating the light emitted from the lamp. 

Amendments to the paragraph beginning at page 5, line 1: 

Also, the Journal of Electrochemical Society, No. 137, February 1990, pp. 2836 2813 
653-659 discloses an electrochemical etching device which uses a lOOW tungsten lamp for 
Ihe back light device. 

Amendments to the paragraph beginning at page 3, line 5: 

Further,=^ Japanese Patent Publication No. 11 -509644 discloses a system for 
manufacturing devices with electrochemical etching=^^. i\nothcr Japanese Patent 
Publication No. 1 1-154737 discloses a manufacturing system for incorporating a capacitance 
in the trench formed by the electrochemical etching technique. DcaidcQ, the The Journal of 
Electrochemical Society, No. 137, February 1990, pp. 653-659 discloses an embodiment in 
which an aperture or trench of 20 x 20 nmi is formed in the silicon substrate by the etching 
technique. 

Amendments to the paragraph beginning at page 4, line 9: 

Another object of the present invention is to provide devices, e.g., semiconductor 
do\icc devices and sensors^ such as acceleratio n acnoor sensors, manufactured through such 
electrochemical etching method. 
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Amendments to the paragraph beginning at page 10, line 21: 

Fig. 4 is an enlarged cross sectional view taken along line s \^ V IV-IV in Fig. 3, 
showing the grid electrode layer in an exaggerated fashion; 

Amendments to the paragraph beginning at page 11, line 14: 

Fig. 10 i oF igs. lOA and lOB are a schematic plan view and a detail view of the grid 
electrode plate for use in the electrochemical etching system according to the seventh 
embodiment; 

Amendments to the paragraph beginning at page 27, line 18: 

Although in the first embodiment the grid metal layer is integrally formed on the back 
surface of the silicon substrate, it may be formed as an independent member capable of being 
separated from the silicon wafer. Specifically, Fig.=+© lOA shows a grid metal plate 140 
made of an electrically conductive material and Fig. lOB shows a detail view of the prid 
metal plate . Preferably, as described above, the size of the grid 142 and of th e opening 
openings 144 in the grid metal plate 140 are determined so that the size of the grid 142 is 
smaller than the thickness of the silicon substrate. 

Amendments to existing claims: 

1. (Amended) An electrochemical etching system, comprising: 

an etching bath for holding an n-type silicon substrate so that=8Sfce a first surface of 
said silicon substrate contact s with hydrofluorioaoid hydrofluoric acid ; 

an electrode positioned i n aaid hydrofluorioaoid the hydrofluoric acid ; 

a power source having a positive polarit}^ and a negative polarit>% oaid pocitivc 
polarit}^ being terminal connected t o oaid the silicon substrate and=said a negative polarit>^ 
being terminal coimected to oaid the electrode; and 

an illumination unit having a light source for=«t illumination o f the other a second 
surface of=«ay tiie silicon substrat e, wherein light oourco illuminatoo oaid the other ourfaco of 
oaid oilioon oubatrato with an illumination intensity of at least lOmW/cm^ or more . 

2. (Amended) The electrochemical etching system in accordance with claim 1 , 
wherein a ratio of a maximum illumination to a minimum illumination4©=sai4 of t he other 
second surface of the silicon substrate is no more than 1 .69:1 or Ioog . 
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3. (Amended) The electrochemical etching system in accordance with claim 1=@# 
3, furthe r oompriooa comprising: 

a reference electrode positioned i n said hydrofluoricacid the hydrofluoric acid : and 
a voltage meter electrically connected between said reference electrode and=s^ tiie 
silicon substrate , oaid voltage motor ha\dng an elevated impedance . 

4. (Amended) The electrochemical etching system in accordance wit h any one of 
claimo claim l4e^, wherein said illumination unit has an illumination controller for 
controlling=g^ flie illumination of=s^ th e other second surface of=«^ ^ silicon substrate. 

5. (Amended) The electrochemical etching system in accordance with claim 4, 
wherein said illimiination controller controls an amount quantity of light emitted from said 
light source. 

6. (Amended) The electrochemical etching system in accordance with claim 4, 
wherein said illumination controller has a modulator, said modulator being connected 
between said light source an&ssM tiie silicon substrate for modulating=s^ flie light emitted 
from said light source. 

7. (Amended) The electrochemical etching system in accordance wit h any one of 
claimo claim 4=4©=^, furthe r compriooo comprising: 

a current detector for detecting an electric curren t applied supplied from said power 
source to oaid the silicon substrate; and 

an electric circuit for controllin g oaid amount quantity of=«ai4 flie light emitted from 
said light source based upon»8£M tiie electric current detected by said current detector. 

8. (Amended) The electrochemical etching system in accordance wit h any one of 
claimG claim 14©^, ftirthe r compriooo comprising a unit for retaining a stable quality of=g^ 
hydrofluoricacid the hydrofluoric acid . 

9. (Amended) The electrochemical etching system in accordance wit h any one of 
claimo claim furthe r compriooo comprising a metal plate positioned o n oaid t he other 
second surface o f oaid the silicon substrate, said metal plate having a number plurality of 
openings arrange d regularly uniformly for transmitting ligh t which hao boon emitted from 
said illumination unit toward-s^d th e other second surface o f oaid the silicon substrate. 
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10. (Amended) The electrochemical etching system in accordance with claim 9, 
wherein said metal plate is made of electrically conductiv e material and mounted on=s^ the 
other second surface o f aaid the silicon substrate. 

1 1 . (Amended) The electrochemical etching system in accordance with claim 10, 
wherein said metal plate is integrally formed on««^ the other second surface of-sftW the 
substrate. 

12. (Amended) The electrochemical etching system in accordance with claim 10, 
wherein said metal plate is independently formed o n oaid th e other second surface o f oaid the 
substrate. 

13. (Amended) The electrochemical etching system in accordance wit h any one 
of olaimo claim 9 to 12 , wherein a part of said metal plate remaining between neighboring 
openings has a widt h which ia equal to or loco larger tiian a thickness of-saM ^ silicon 
substrate. 

14. (Amended) An electrochemical etching metho d having the otopa of maldng one 
comprising: 

placing a first surface of an n-type silicon substrate4^ m contact with an electrolyte, 
illuminating the other a second surface o f oaid the silicon substrat e with an 

illumination intensity of at least lOmW/cm^ , and 

controlling an etching curren t by oaid with the illumination of the second surface to 

form a pore or trench i n oaid one the first surface of=s^ flie silicon substrate , oharactorigod w 

the method further compriooo 

illuminating said the other aurfaoo of oaid oilioon oubatrato with an illumination of 

15. (Amended) The electrochemical etching method in accordance with claim 
14, furthe r oomprioeo comprising: 

arranging a metal plate oim^ th e other second surface of=^M tiie silicon substrate, 
ssM flie metal plate having a number plurality of openings arrange d regularly uniformly: and 

illuminating=gdi4 t he other second surface of^^mA flie n-type silicon througJi=s^ the 
openings. 
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16. (Amended) The electrochemical etching method in accordance with claim 
14, wherein a ratio of a maximum illumination to a minimum illuminatio n to oaid of the=eAe¥ 
second surface of the silicon substrate is no more than L69:l or looo . 



17. (Amended) An electrochemical etching metho d having the atopo of making one 
comprising: 

placing a first surface of an n-type silicon substrate-^© in contact with an 
electrolytef; 

illuminatin g the other a second surface o f oaid the silicon substrat e with a first 
illumination intensity of at least 10mW/cm^ .=^^ 

controlling an etching curren t by said with the illumination of the second surface to 
form pores or trenches i n oaid one the first surface of=s^ tiie silicon substrate , characterized 

the method further compriooa 

a firot otcp in which oaid the other ourfacc of oaid oilioon oubotrato is illuminated mth 
a firot illumination of lOmW/om^ or more to form oaid porco or tronohoo extending toward 
th e other second surface of=«ftii tiie silicon substrate; and 

a acoond otop in Vy^hioh, after oaid firot otop, oai dt hereafter illuminating th&^fee¥ 
second surface o f oaid the silicon substrat e io illuminated with another a second illumination 
intensity, higher than=sm4 flie first illumination intensity, to extend-saW flie pores or trenches 
laterally to connect=sai4 tiie pores or trenches to each other. 

18. (Amended) A product manufactured by=sdid tiie electrochemical etching method 
in accordance wit h any one of oaid claimo claim 1 1 to 16 . 



Amendments to the abstract; 

ABSTRACT 

An electrochemical etching system=4i©^ has an etching bath^i^^ for holding an n-type 
silicon substrate=^0) wifh=^fte a first surface=ps^ of the substrate=fe©i^ in contact with 
hydrofluoricaoid (11) hydrofluoric acid, an electrode=^38^ positioned i n hydrofluoricacid the 
hydrofluoric acid, a power sourc e (30) haying a positive polarit>^ pole connected to the silicon 
substrate and a negative pQlarit>^ pole connected to the electrode, and an illumination unit 
^ia)=haying a light source=^i^ for=^ illumination o f the other a second surface=p^ of the 
silicon substrate. The illumination unit illimiinates th e other second surface of the silicon 
substrate with an illumination intensity of lOmW/cm^ or more. Aloo, a A ratio of a maximum 
illmnination to a minimum illuminatio]>4e of t he other second surface of the silicon substrate 
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is set=l .69: 1 or less. With the etching system, pores and/or trenches of a certain size and 
shape can be formed in an entire area of the silicon substrate=^i^^ having a diameter of more 
than three inches. 
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For: ELECTROCHEMICAL ETCHING 
METHOD AND APPARATUS AND 
PRODUCT MANUFACTURED 
THEREBY 

PENDING CLAIMS AFTER ENTRY OF PRELIMINARY AMENDMENT 

1. An electrochemical etching system, comprising: 

an etching bath for holding an n-type silicon substrate so that a first surface of said 
silicon substrate contacts hydrofluoric acid; 

an electrode positioned in the hydrofluoric acid; 

a power source having a positive terminal connected to the silicon substrate and a 
negative terminal connected to the electrode; and 

an illumination unit having a light source for illumination of a second surface of the 
silicon substrate with an illumination intensity of at least lOmW/cm'^. 

2. The electrochemical etching system in accordance with claim 1, wherein a ratio of 
a maximum illumination to a minimum illumination of the second surface of the silicon 
substrate is no more than 1 .69: 1 . 

3. The electrochemical etching system in accordance with claim 1, further 
comprising: 

a reference electrode positioned in the hydrofluoric acid; and 

a voltage meter electrically connected between said reference electrode and the silicon 
substrate. 

4. The electrochemical etching system in accordance with claim 1, wherein said 
illumination unit has an illumination controller for controlling the illumination of the second 
surface of the siUcon substrate. 
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5. The electrochemical etching system in accordance with claim 4, wherein said 
illumination controller controls quantity of light emitted from said light source. 

6. The electrochemical etching system in accordance with claim 4, wherein said 
illumination controller has a modulator, said modulator being connected between said light 
soiurce and the silicon substrate for modulating the hght emitted from said light source. 

7. The electrochemical etching system in accordance with claim 4, further 
comprising: 

a current detector for detecting an electric current supplied from said power source to 
the silicon substrate; and 

an electric circuit for controlling quantity of the light emitted from said light source 
based upon the electric current detected by said current detector. 

8. The electrochemical etching system in accordance with claim 1, ftirther comprising 
a unit for retaining a stable quality of the hydrofluoric acid. 

9. The electrochemical etching system in accordance with claim 1, ftirther comprising 
a metal plate positioned on the second surface of the silicon substrate, said metal plate having 
a plurality of openings arranged uniformly for transmitting the light emitted from said 
illumination unit toward the second surface of the silicon substrate. 

10. The electrochemical etching system in accordance with claim 9, wherein said 
metal plate is electrically conductive and mounted on the second surface of the silicon 
substrate. 

1 1 . The electrochemical etching system in accordance with claim 10, wherein said 
metal plate is integrally formed on the second surface of the substrate. 

12. The electrochemical etching system in accordance with claim 10, wherein said 
metal plate is independently formed on the second surface of the substrate. 

13. The electrochemical etching system in accordance with claim 9, wherein a part of 
said metal plate remaining between neighboring openings has a width larger than a thickness 
of the silicon substrate. 

14. An electrochemical etching method comprising: 

placing a first surface of an n-type silicon substrate in contact with an electrolyte. 
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illimiinating a second surface of the silicon substrate with an illumination intensity of 
at least lOmW/cm^, and 

controlling an etching current with the illumination of the second surface to form a 
pore or trench in the first surface of the silicon substrate 

15. The electrochemical etching method in accordance with claim 14, further 
comprising: 

arranging a metal plate on the second surface of the silicon substrate, the metal plate 
having a plurality of openings arranged uniformly; and 

illuminating the second surface of the n-type silicon through the openings. 

16. The electrochemical etching method in accordance with claim 14, wherein a ratio 
of a maximum illumination to a minimum illumination of the second surface of the silicon 
substrate is no more than 1 .69: 1 . 

17. An electrochemical etching method comprising: 

placing a first surface of an n-type silicon substrate in contact with an electrolyte; 

illimiinating a second surface of the silicon substrate with a first illumination intensity 
of at least lOmW/cm^, controlling an etching current with the illumination of the second 
surface to form pores or trenches in the first surface of the silicon substrate extending toward 
the second surface of the silicon substrate; and 

thereafter illuminating the second surface of the silicon substrate with a second 
illumination intensity, higher than the first illumination intensity, to extend the pores or 
trenches laterally to connect the pores or trenches to each other. 

1 8. A product manufactured by the electrochemical etching method in accordance 
with claim 14. 



B3 



PATENT 

Attorney Docket No. 401479/AOYAMA 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
IZUO et al. 



Filed: December 11, 2001 

For: ELECTROCHEMICAL ETCHING 
METHOD AND APPARATUS 
AND PRODUCT 
MANUFACTURED THEREBY 

REQUEST FOR APPROVAL OF CHANGES TO THE DRAWINGS 

Coinraissioner for Patents 
Washington, D.C. 20231 



The Examiner is requested to approve the changes to Figure 10, as shown in 
red on the attached sheet of drawings. 



Art Unit: Unknown 



Application No. Unknown 



Examiner: Unknown 



Dear Sir: 



Respectfully submitted, 




Suite 300 

700 Thirteenth Street, N.W. 
Washington, D.C. 20005 
Telephone: (202) 737-6770 




Title: ELECTROCHEMICAL ETCHING METHOD AND APPARATUS AND PRODUCT MANUFACTURED 

THEREBY 
Inventors: IZOU ET AL. 
Atty Docket No,: 410479 
Leydlg. Voit & Mayer, Ltd. 202-737-6770 



10/12 



Fig.wA 




140 



□□□DvL42 

□□□a 



ELECTROCHEMICAL ETCHING METHOD AND APPARfi.TUS AND PRODU CT^ 

MANUFACTURED THER EBY 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to an 
electrochemical etching method and apparatus. In 
particular, the present invention relates to a method and 
apparatus in which an n-type silicon substrate is exposed 
at its one surface to an electrolyte and at its opposite 
surface to light, so that the substrate is formed with a 
pore (hole) or trench (groove) of a certain size and shape 
as an etching current flowing in the substrate is 
controlled by the light* Also, the present invention 
relates to a product, e.g., semiconductor device, made by 
the use of the electrochemical etching method. It is to be 
understood that the present invention is preferably 
applicable to a method and apparatus for an electrochemical 
etching for the formation of pores or trenches having a 
diameter or width of 50nm or more in the n-type silicon 
substrate. However, the present invention is not limited 
by the size of the pore or trench. 

BACKGROUND OF THE INVENTION 

The Japanese Patent Publication No. 2^694,731 
discloses an electrochemical etching system which uses 



light to form small pores or trenches in an n-type doped 
silicon substrate. The system has a holder for holding the 
n-type doped silicon substrate (silicon wafer) with one 
surface of the substrate contacted with an electrolyte 
(hydrof luoricacid) . Also, the holder retains an electrode 
in the electrolyte so that the electrode opposes to the 
silicon substrate* With this etching system, the silicon 
substrate is positively biased and the electrode in the 
electrolyte is negatively biased. The opposite side of the 
silicon substrate away from the electrolyte is exposed to 
light, causing holes in the silicon substrate. The holes 
travel a boundary region of between the silicon substrate 
and the electrolyte to resolve the boundary portion of the 
silicon substrate. This means that an arrangement of a 
masking barrier (coating) with one or more apertures (pits) 
on the surface of the silicon substrate, adjacent to the 
electrolyte, results in the formation of the pores or 
trenches in the substrate portions, corresponding to the 
apertures . 

The Journal of Electrochemical Society, No. 140, 
October 1993, pp. 2836-2843 discloses a back light device 
for the illumination of silicon substrate. The light 
device has a lamp for emitting light, an infrared filter 
for removing infrared light from the emitted light, and a 
convex lens for collimating the light emitted from the lamp. 



Also, the Journal of Electrochemical Society, NOo 
137, February 1990, pp, 2836-2843 discloses an 
electrochemical etching device which uses a lOOW tungsten 
lamp for the back light device. 

Further, the Japanese Patent Publication No. 11- 
509644 discloses a system for manufacturing devices with 
electrochemical etching unit. Another Japanese Patent 
Publication No. 11-154737 discloses a manufacturing system 
for incorporating a capacitance in the trench formed by the 
electrochemical etching technique. Besides, the Journal of 
Electrochemical Society, No. 137, February 1990, pp. 663- 
659 discloses an embodiment in which an aperture or trench 
of 20 X 20 mm is formed in the silicon substrate by the 
etching technique. 

In order to mass-produce various devices using 
the electrochemical etching system, the system is required 
to make an even etching for the entire surface of a 
relatively large silicon substrate with a diameter of three 
inches or more, for example, and thereby form pores or 
trenches of a certain size and shape at every portion of 
the substrate . 

Using the system disclosed in the Japanese Patent 
Publication No. 2,694,731 and the lOOW tungsten lamp in the 
Journal of Electrochemical Society, No. 140, trials were 
made to form pores of a certain diameter at every portion 



in the three-inch silicon substrate • The etched silicon 
substrate was viewed by the microscope, which showed that 
pores were formed only in a limited part of the silicon 
substrate. Also, the resultant pores have different sizes 
and shapes. Although further trials were made under 
different conditions in voltage, current and illumination, 
uniform pores failed to be formed over the entire portion 
of the silicon substrate. 

Therefore, an object of the present invention is 
to provide an electrochemical etching method and apparatus 
capable of forming pores or trenches of a regular size 
(depth and cross section) in a surface of n-type silicon 
substrate having a diameter of three inches or more. 

Another object of the present invention is to 
provide devices, e.g., semiconductor device and sensors 
such as acceleration sensor, manufactured through such 
electrochemical etching method. 

SUMMARY OF THE INVENTION 

In order to attain the objects, an 
electrochemical etching system according to one aspect of 
the present invention has an illumination unit including a 
light source for illuminating an illumination surface of an 
n-type silicon substrate with an illumination of lOmW/cm^ 
or more. According to the embodiment, even for the silicon 



substrate having a diameter of three inches or more, pores 
and/or trenches to be formed in the silicon substrate 
develops toward the illumination surface with a uniform 
cross section* Also, the formed pore and/or trench has a 
smooth surface • 

In another aspect of the electrochemical etching 
system of the present invention, on the illumination 
surface of the silicon substrate, a ratio of the maximum 
illumination to the minimum illumination is 1.69:1 or less. 
With the arrangement, even for the silicon substrate having 
a diameter of three inches or more, a constant etching 
current flows in the silicon substrate, which ensures that 
the formed pore and/or trench has a substantially constant 
size (cross section and depth) . 

In another aspect of the electrochemical etching 
system of the present invention, a reference electrode is 
positioned in the electrolyte. A voltage detector with an 
elevated impedance is electrically connected between the 
reference electrode and the n-type silicon substrate. With 
the arrangement, by controlling the voltage between the 
reference electrode and the silicon substrate, the voltage 
to be applied to the silicon substrate can be controlled. 

In another aspect of the electrochemical etching 
system of the present invention, an illumination unit has 
an illumination controller for controlling an illumination 



to the other surface of the silicon substrate ♦ With the 
arrangement, the size of the pore and/or trench to be 
formed in the silicon substrate can be controlled. 

In another aspect of the electrochemical etching 
system of the present invention, the illumination 
controller controls an amount of light emitted from the 
light source. With the arrangement, the illumination to 
the silicon substrate can be adjusted precisely. 

In another aspect of the electrochemical etching 
system of the present invention, the illumination 
controller, which is positioned between the light source 
and the silicon substrate, has a modulator for modulating 
light emitted from the light source. With the arrangement, 
where the light source is unable to control an amount of 
light to be emitted therefrom, the illumination of the 
silicon substrate can be controlled. 

In another aspect of the electrochemical etching 
system of the present invention, the system includes a 
current detector for detecting a current applied from the 
power source to the silicon substrate, and a circuit for 
controlling the emitting light according to the current 
detected by the current detector. With the arrangement, 
the silicon substrate can be etched precisely. 

In another aspect of the electrochemical etching 
system of the present invention, the system includes a unit 



for maintaining a stable condition of the hydrof luoricacid 
(e.g., concentration and temperature). With the 

arrangement, the hydrof luoricacid has a stable condition, 
which in turn ensures the constant size of the pore and/or 
trench formed in the silicon substrate. 

In another aspect of the electrochemical etching 
system of the present invention, the system has a metal 
plate positioned on the other surface of the silicon 
substrate. The metal plate is formed with a number of 
regularly arranged openings so that light from the 
illumination unit toward the silicon substrate is 
transmitted therethrough. With the arrangement, the other 
surface of the silicon substrate is illuminated uniformly, 
which ensures the silicon substrate to be applied with a 
constant voltage. 

In another aspect of the electrochemical etching 
system of the present invention, the metal plate is made of 
electrically conductive material and is positioned adjacent 
to the other surface of the silicon substrate. With the 
arrangement, the power source and the silicon substrate are 
electrically connected through the metal plate. 

In another aspect of the electrochemical etching 
system of the present invention, the metal plate is formed 
integrally on the other surface of the silicon substrate. 
With the electrochemical etching system, the metal plate is 
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formed precisely by the physical or chemical vapor 
deposition and also the lithography used in the 
manufacturing process for semiconductor. Also, the 

openings can be formed with a great precision. 

In another aspect of the electrochemical etching 
system of the present invention, the metal plate is formed 
independent of the silicon substrate. With the arrangement, 
the manufacturing process of the silicon substrate can be 
simplified. 

An electrochemical etching method of the present 
invention which includes the steps of making one surface of 
an n-type silicon substrate into contact with an 
electrolyte, illuminating the other surface of the silicon 
substrate, and controlling an etching current by the 
illumination to form a pore or trench in the one surface of 
the silicon substrate is characterized in that the method 
further comprises illuminating the the other surface of the 
silicon substrate with an illumination of lOmW/cm^ or more. 

In another aspect of the electrochemical etching 
method, the method includes arranging a metal plate with a 
number of regularly arranged openings on the other surface 
of the n-type silicon substrate and illuminating the other 
surface of the n-type silicon substrate through the 
openings . 

In another aspect of the electrochemical etching 
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method, a ratio of a maximum illiimination to a minimum 
illumination to the other surface of the silicon substrate 
.is 1,69:1 or less. 

With the methods, even the silicon substrate 
5 having a diameter of three inches or more is formed with a 

yh substantially the same size pores and/or trenches in an 

C3 

P entire area of the substrate. 

4} Another electrochemical etching method of the 

HJ present invention which has the steps of making one surface 

^ 10 of an n-type silicon substrate into contact with an 
electrolyte, illuminating the other surface of the silicon 
substrate, and controlling an etching current by the 
illumination to form pores or trenches in the one surface 
of the silicon substrate is characterized in that the 
15 method further comprises a first step in which the other 
surface of the silicon substrate is illuminated with a 
first illumination of lOmW/cm^ or more to form the pores or 
trenches extending toward the other surface of the silicon 
substrate, and a second step in which, after the first step, 
20 the other surface of the silicon substrate is illuminated 
with another illumination higher than the first 
illumination to extend the pores or trenches laterally to 
connect the pores or trenches to each other. According the 
method, the vertical pores can be connected at bottom 
25 portion thereof to each other. 
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In view of above, according to the 
electrochemical etching method of the present invention, 
the shapes of the pores and/or trenches can be controlled 
so precisely. Also, an enlarged substrate can be etched. 
Then, the devices manufactured by the electrochemical 
etching system has pores and/or trenches of which shape is 
well controlled, ensuring a high performance and its 
inexpensiveness . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a schematic cross sectional view of an 
electrochemical etching system according to the first 
embodiment; 

Figs. 2A to 2E are drawings, each of which 
showing a cross sectional shape of a pore formed in the 
silicon substrate, a diameter of the pore, and an 
illumination in Experiment 2; 

Fig. 3 is an exaggerated plan view of a grid 
electrode layer positioned on a back surface of the silicon 
substrate; 

Fig. 4 is an enlarged cross sectional view taken 
along lines V~V in Fig. 3, showing the grid electrode layer 
in an exaggerated fashion; 

Fig. 5 is a schematic cross sectional view of the 
electrochemical etching system according to the second 



embodiment; 

Fig. 6 is a schematic cross sectional 
electrochemical etching system according to 
embodiment; 

Fig. 7 is a schematic cross sectional 
electrochemical etching system according to 
embodiment; 

Fig. 8 is a schematic cross sectional 
electrochemical etching system according to 
embodiment; 

Fig. 9 is a schematic cross sectional 
electrochemical etching system according to 
embodiment; 

Fig. 10 is a schematic plan view of the grid 
electrode plate for use in the electrochemical etching 
system according to the seventh embodiment; 

Fig. 11 is a schematic plan view of an 
acceleration sensor manufactured by the electrochemical 
etching method according to the eighth embodiment; 

Figs. 12A to 12E are drawings for describing 
processes of the electrochemical etching method according 
to the eighth embodiment; 

Fig. 13 is a perspective view of an optical guide 
member manufactured by the electrochemical etching method 
according to the ninth embodiment; and 



view of the 
the third 

view of the 
the fourth 

view of the 
the fifth 

view of the 
the sixth 
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Figs. 14A to 14E are drawings for describing 
process of the electrochemical etching method according to 
the ninth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to the drawings, descriptions will 
be made to the preferred embodiments of the present 
invention. Like reference numerals indicate like parts 
throughout the drawings, 

FIRST EMBODIMENT 

Referring to Fig. 1, there is shown an 
electrochemical etching system for an n-type silicon 
substrate (silicon wafer) 10 according to the first 
embodiment of the present invention. The etching system 10 
includes an etching bath 12 for receiving an etching 
electrolyte 14 of 5wt% hydrof luoricacid. A surface portion 
of the etching bath 12, making a contact with the etching 
electrolyte 14, is coated with an appropriate material, 
e.g., polytetraf luoroethylene, that resists against 
hydrof lluoricacid. Alternatively, the etching bath 12 may 
fully be made of material that resists against 
hydrof lluoricacid . 

The etching bath 12 is formed at its wall 16 with 
a round opening 18 for receiving a disc-like n-type silicon 



wafer 20 therein. The wall 16 includes an annular flange 
22 running along an inner periphery of the opening 18 and 
projecting toward a center of the opening 18. In order to 
secure the silicon substrate 20, a fixing ring 24 is 
provided behind the substrate 20 to force the silicon 
substrate 20 against the annular flange 22. Preferably, a 
suitable sealing member, e.g., 0-ring 26, is positioned 
between the annular flange 18 and the silicon substrate 20 
to prevent the electrolyte 14 from leaking therebetween. 

One electrode 28 (cathode) is provided in the 
electrolyte 14 so that it opposes to the silicon substrate 
20 received in the opening 18. The silicon substrate 20 
is used for the other electrode or anode. The electrode 
(cathode) 28 and the silicon substrate (anode) 20 are 
electrically connected to a DC power supply 30, so that a 
suitable voltage can be applied between the electrode 
(cathode) 28 and the silicon wafer (anode) 20. Preferably, 
the fixing ring 24 for fixing the silicon substrate 20 in 
position is made of an electrically conductive material for 
the electrical connection between the silicon substrate 20 
and the power source 30. 

A surface 32 of the silicon wafer 20 adjacent to 
the electrolyte 14 is coated with a masking barrier or 
resist mask 34. The masking barrier 34 is made of a 
suitable masking material, e.g., silicon nitride, platinum. 



or gold, which is deposited by a suitable deposition 
technique, e.g., chemical or physical vapor deposition. 
The surface 32 of the silicon substrate is formed with one 
or more pits or apertures 36 corresponding to an etching 
pattern of the silicon substrate 20. This causes that 
etching or resolving proceeds at the associated portions of 
the silicon substrate exposed in the pits 36 toward the 
opposite surface 38 of the silicon substrate, forming pores 
or trenches in silicon substrate. Preferably, the pits 36 
are formed by a suitable technique such as wet etching, dry 
etching, and laser machining. 

The etching system 10 includes an electrolyte 
unit 40 • The electrolyte unit 40 has a circulation passage 
or tube 42 which is fluidly connected at its opposite ends 
to the etching bath 12. The circulation passage 42 has a 
pump 44 for pumping the electrolyte 14 through the 
circulation passage 42, a filter 4 6 for removing foreign 
substances from the electrolyte 14 running in the 
circulation passage 42, a buffer 48 for maintaining a 
constant amount of electrolyte 14 in the etching bath 12, 
and a thermostat 50 for maintaining a temperature of 
electrolyte 14 in the etching bath 12 constant. The 
electrolyte unit 40 maintains a necessary quality of the 
electrolyte 14 in the etching bath 14, ensuring a stable 
etching of the silicon substrate 20 described below. 



The etching system 10 further includes a back 
light unit 52. The back light unit 52 is used to 
concentrate holes generated in the silicon substrate 20 at 
a leading edge of each pore where the further etching or 
resolving of the substrate proceeds locally. For this 
purpose, the back light unit 52 has an illumination source 
or lamp 56, e.g., tungsten lamp, located on an central axis 
54 of the circular opening 18 of the etching bath 12 and a 
semi-oval reflector or mirror 58 of which opening 60 is 
directed toward the circular opening 18 of the etching bath 
12. A curvature of the mirror 58 is determined so that 
light from the lamp 54 is reflected by the mirror 58 to 
focus on a certain point (focal point) 62 on the axis 54. 
A collimator lens 64 is opposed to the opening 60 of the 
mirror 58 so that light from the mirror 58 is collimated by 
the collimator lens 64. Another convex lens 66 is 
positioned between the collimator lens 64 and the silicon 
substrate 20 so that the collimated light is then extended 
toward the silicon substrate 20, causing the back surface 
of the silicon substrate, away from the electrolyte, to be 
illuminated. Preferably, as shown in Fig. 1, a filter 68 
is provided to remove a part of light, e.g., light having a 
wavelength of 1 . l)jim or more, in order to prevent the 
silicon substrate 20 from being overheated. Also, a 
suitable fan or fans 70 may be provided adjacent to the 



silicon substrate 20 for the cooling of the substrate. 

Hereinafter, a brief description will be made to 
the operation of the etching system 10 so constructed. In 
operation, the silicon substrate 20 is secured in the 
opening 18 of the etching bath 12. Then, the electrolyte 
14 is filled in the etching bath 12 . Then, the power 
source 30 applies a certain voltage between the electrode 
28 and the silicon substrate 20, and the illumination lamp 
52 illuminates the back surface 38 of the silicon substrate 
20. This causes holes in the silicon substrate to 
concentrate at the portions of the silicon substrate, 
exposed in the pits 36. As a result, a local etching or 
resolving is initiated at each of the exposed portions and 
then advanced straightly toward the opposite back surface 
38 of the silicon substrate 20. 

EXPERIMENT 1 

Tests were made to evaluate a relation between an 
illumination and configurations of the resultant pores. 
1 . Conditions 

Test conditions were as follows: 
i. Silicon substrate 

Diameter of silicon substrate : 7 6mm 
Thickness of silicon substrate: 625ijm 
Thickness of mask barrier: 5,000A 



Diameter of pit: 2]am 

ii. Electrolyte 

5wt% hydrof luoricacid 

iii. Illumination 

0, 5, 10, 20, 50, 100, and 200mW/cm^ 

The illiimination was measured on the back surface of 
the silicon substrate, using a Power Meter commercially 
available from Advantest Corporation under the name of 
Light Multi-Power Q8221, with a calibrated wavelength of 
760nm. 

iv. Voltage (Voltage applied between the electrode and the 
silicon substrate) 

2.0 volts and 4.0 volts 
V. Etching period 
20 minutes 

2 . Evaluation 

The etched silicon was cut and the its cross section, 
in particular, the longitudinal cross section of pore, was 
observed using a microscope. Using the microscopic 
photographs, diameters of several pores were measured at a 
certain distance of 5]m. away from the front surface of the 
silicon substrate. 

3. Results 

The test results are shown in the following Table 1: 
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Table 1 



Illumination Voltage Applied 



(mW/cm^) 


2.0 volts 


4.0 volts 


0 


C 


C 


5 


B 


B 


10 


A 


A 


20 


A 


A 


30 


A 


A 


50 


A 


A 


100 


A 


A 


200 


A 


A 



In Table 1, evaluation A, B and C means as 

follows : 

A: Each pore had a diameter of more than 50nm* Also, 
each pore had a smooth surface and extended substantially 
straightly toward the back surface. 

B: Each pore had a diameter of less than 50nm. Also, 
each pore extended obliquely toward the back surface. 

C: No pore was formed. 
4. Conclusion 

The table 1 shows that the illiamination affects 
on the resultant pore configuration significantly. Also 
revealed is that, in order to form a pore running 
straightly toward the back surface of the substrate and 
having an even cross section, the illumination should be 
set lOmW/cm^ while keeping a suitable voltage between the 
electrode and the silicon substrate. 

In order to provide the illumination of lOmW/cm^ 



for the entire back surface of the silicon substrate, a 
1 . OKW xenon arc lamp is advantageously used for the light 
source. Anther lamp such as tungsten lamp or mercury lamp 
can be used instead provided that it ensures the 
illumination of lOmW/cm^. 

An application of an increased voltage between 
the silicon substrate and the electrode may result in pores 
having a diameter of 50nm or more in the silicon substrate • 
However, this etching is different from the electrochemical 
etching technique according to the present invention. 

EXPERIMENT 2 

Tests were made to evaluate an affect of 

illiomination on the configuration of pores in the silicon 

substrate • 

1. Conditions 

Test conditions were as follows: 

i. Silicon substrates 

Number of substrates used: 4 
Diameter of silicon substrate: 7 6mm 
Thickness of silicon substrate: 625iJm 
Thickness of mask barrier: 5,000A 
Diameter of pit: 2ijm 

ii • Electrolyte 

5wt% hydro fluoricacid 



iii . Illumination 

The illumination was measured on the back surface of 
the silicon substrate. Then, identified were the maximum 
and minimum illiamination points of the substrate • The 
illumination measuring device was identical to that used in 
Experiment 1 . 

iv. Voltage (Voltage applied between the electrode and the 
silicon substrate) 

2.0 volts 
V. Etching period 

2 0 minutes 
2 • Evaluation 

The etched silicon was cut and the its cross section, 
in particular, the longitudinal cross section of pore, was 
observed using a microscope* Using the microscopic 
photographs, diameters of several pores were measured at a 
certain distance of 5iam away from the front surface of the 
silicon substrate. 
3. Results 

The test results are shown in Figs. 2A-2D. As shown 
in the tables in the drawings, where a ratio (Imax/^min) of 
the maximum illumination and the minimum illumination 

Ihin being 1.96 and 2.25, the configurations of pores formed 
at the maximum illumination point and the minimum 
illumination point were quite different from each other. 



Also, the diameter of the pore at the maximum illiimination 
was extended toward the leading end of the pore. 

Where the ratio of the maximum illumination -and 
the minimum illiimination being 1.59, although the pores had 
separate diameters slightly different from the other, they 
have substantially the same depth* Also, the pores had 
substantially smooth surfaces. Likewise, where the ratio 
of the maximum illumination and the minimum illumination 
being 1.21, the pores had substantially the same size and 
they had smooth surfaces. 
4. Conclusion 

The result of experiment 2 shows that, even for 
the silicon substrate having a diameter of 3 inches or more, 
pore or trenches having substantially the same diameter are 
formed at every place in the silicon substrate provided 
that the ratio of the maximum illumination and the minimum 
illTomination is 1.69 or less. 

IMPROVEMENT S /MOD I FI CAT I ON 

Figs. 3 and 4 show the silicon substrate 20. The 
silicon substrate 20 has an n"^ layer 80 in the back surface 
38 opposing to the back light unit 52, in which ion is 
injected using a known donor ion injection technique. A 
metal layer (metal plate or grid metal layer) 82, made of 
conductive material, is provided on the n"" layer 80. 
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Preferably, as best shown in Fig. 3, the metal layer 82 is 
in the form of grid. Preferably, the grid metal layer 82 
is made by depositing the conductive material through a 
film formation technique such as chemical or physical vapor 
deposition and then forming openings 8 6 so that a grid 84 
remains between openings through a technique such as 
photolithography. 

The grid layer 82 so defined has a smaller 
contact resistance against the n-type silicon substrate 20, 
which allows a constant voltage to be applied through the 
grid metal layer 20 to the entire portion of the silicon 
substrate 20 which is in contact with the grid metal layer 
82. 

Although the opening 8 6 in the grid 84 is not 
limited to a specific size, it should be smaller than the 
thickness of the silicon substrate 20. This is because 
that the illumination to the silicon substrate 20 decreases 
with the increase of the width of the grid 84 between the 
openings 8 6, which reduces the concentration of the hole in 
the silicon substrate 20. 

Studies conducted by the inventors revealed that, 
where each line of the grid 84 has a width of lOpm and its 
interval is 90pm, a constant voltage can be applied to 
every portion of the silicon substrate 20, overcoming the 
problems caused by the reduction of illumination. 



Preferably, when using electrode 2 8 made of 
platinum, the voltage between the electrode 28 and the 
silicon substrate 20 is determined so that the n-type 
silicon siibstrate 20 is biased higher than the electrode 28 
by +1 to +4 volts. This causes pores and trenches to be 
generated in the substrate more efficiently. 

SECOND EMBODIMENT 

Referring to Fig. 5, there is shown another 
electrochemical etching system 90 according to the second 
embodiment of the present invention. In this etching 
system 90, the back light unit 92 includes a plurality of 
lamps 94 arranged in a lattice on a plane perpendicular to 
the central axis of the silicon substrate 20 (or on a plane 
parallel to the silicon substrate 20) . With this etching 
system 90, the back surface of the silicon substrate 20 is 
illuminated uniformly. Also, the plurality of lamps 94 can 
be positioned easily so that the ratio of maximum/minimum 
illumination ratio takes 1.69 or less. 

THIRD EMBODIMENT 

Referring to Fig. 6, there is shown another 
electrochemical etching system 100 according to the third 
embodiment of the present invention. In this etching 
system 100, a reference electrode 102, which is positioned 



in the electrolyte 14 between the silicon substrate 20 and 
the electrode 28, is electrically connected through a 
voltage meter 104 to the power source 30 for measuring the 
voltage to be applied to the silicon substrate 20. 
Preferably, the voltage meter 104 is designed to provide an 
elevated impedance between the reference electrode 20 and 
the silicon substrate 20. In operation of the etching 
system 100, the power source 30 is controlled so that a 
constant voltage is applied to the voltage meter 104, 
ensuring a constant current to flow between the silicon 
substrate 20 and the electrode 28. 

Preferably, the reference electrode 102 is 
positioned as close as possible to the silicon substrate 20 
while leaving a small gap therebetween. This minimizes the 
electric resistance of the electrolyte 14 between the 
reference electrode 102 and the silicon substrate 20. Also, 
this ensures that the voltage applied to the silicon 
substrate 20 is detected precisely and, thereby, that the 
configuration of the pore/ trench is well controlled. 

FOURTH EMBODIMENT 

Referring to Fig. 7, there is shown another 
electrochemical etching system 110 according to the fourth 
embodiment of the present invention. In this etching 
system 110, the illumination lamp 56 is electrically 



connected to a voltage controller 112 for changing the 
illumination to the silicon substrate 20. With this 
etching system 110, an etching current supplied from the 
power source 30 to the silicon substrate 20 changes in 
proportion to the illumination. Therefore, by changing the 
voltage applied to the lamp 56 by the voltage controller 
112 and, thereby, the illumination to the silicon substrate 
20, the size of the resultant pore and/trench can be varied. 
Also, a pore and/or trench with an enlarged cavity or cross 
section at its leading portioin can easily be formed by 
forming a pore or trench having a uniform cross section and 
then increasing the illumination and the etching current. 

FIFTH EMBODIMENT 

Referring to Fig. 8, there is shown another 
electrochemical etching system 12 0 according to the fifth 
embodiment of the present invention. This etching system 
120 has two polarizing devices or filters 122 and 124 
between the convex lens 66 and the filter 68. Also, one of 
the two polarizing filters 122 and 124 is supported for 
rotation about a central axis 54 of the silicon substrate 
20 relative to the other in order to control a quantity of 
light passing through the two polarizing filters 122 and 
124 and thereby the illumination to the silicon substrate 
20. This means that simply by rotating the rotatable 



filter, rather than controlling the illumination of the 
lamp 56, the size of the pore and trench formed in the 
silicon substrate can be controlled* 

In this embodiment, the rotatable polarizing 
filter may be mechanically connected to a drive unit (e.g., 
motor) 12 6 for rotating the polarizing filter about the 
central axis 54, which in turn connected to the controller 
128. This allows the controller 128 to control the drive 
unit 126, positioning the polarizing filter in a desired 
position. 

. SIXTH EMBODIMENT 

Referring to Fig. 9, there is shown another 
electrochemical etching system 130 according to the fifth 
embodiment of the present invention. In this etching 
system 130, the illumination lamp 56 is electrically 
connected to a voltage controller 132 for controlling the 
voltage applied to the lamp 56. A current detector or 
amperemeter 134 is electrically connected between the power 
source 30 and the silicon substrate 20 for detecting the 
etching current supplied from the power source 30 to the 
silicon wafer 20. The voltage controller 132 and the 
amperemeter 134 are electrically connected to each other 
through a feedback circuit 136. 

With this etching system 130, the feedback 
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circuit 136 reads the etching current detected by the 
amperemeter 134, and then transmits a corresponding signal 
to the voltage controller 132 for controlling the 
illumination to the silicon substrate 20, This in turn 
alters the etching current, changing the shape of the pore 
and/or trench • As described above, according to the 
etching system 130, by controlling the illumination, the 
etching current can be kept constant to form pores 
and/trenches in a precise manner. 

The feedback circuit 136 may be electrically 
connected to the position controller of the polarizing 
filter. In this instance, the polarizing filter is rotated 
according to a signal from the feedback circuit 136, 
allowing the illumination to the silicon substrate to be 
controlled in a precise manner. 

SEVENTH EMBODIMENT 

Although in the first embodiment the grid metal 
layer is integrally formed on the back surface of the 
silicon substrate, it may be formed as an independent 
member capable of being separated from the silicon wafer. 
Specifically, Fig. 10 shows a grid metal plate 140 made of 
an electrically conductive material. Preferably, as 
described above, the size of the grid 142 and the opening 
144 in the grid metal plate 140 are determined so that the 
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size of the grid 142 is smaller than the thickness of the 
silicon substrate. 

The grid metal plate 140 is sealingly attached on 
the back surface of the silicon substrate and then secured 
by a suitable fixing member. Preferably, the grid metal 
plate 140 is manufactured integrally with the fixing ring 
which is used for fixing the silicon substrate to the 
etching bath. This facilitates the fixing of the grid 
metal plate 140 to the silicon substrate without any 
difficulty. 

EIGHTH EMBODIMENT 

Fig. 11 shows an accelerometer or acceleration 
sensor 150 manufactured by the use of the electrochemical 
etching system of the present invention. The acceleration 
sensor 150 has a base 152. The base 152 has a wall 154 
extending vertically from the base 152. The wall 154 has a 
plurality of spaced, cantilever-like, deformable portions 
156 extending in parallel from the wall 154. The base 152, 
wall 154, and deformable portions 156 are formed in a 
single product 158 by shaping a silicon substrate using the 
electrochemical etching technique of the present invention. 
Each of the deformable portions 156 supports a strain 
member, e.g., piezoelectric member or resistance 160, for 
measuring a deformation of the deformable portion 156. 



In operation, when any acceleration is acted on 
the acceleration sensor 150, each of the deformable 
portions 156 sags toward a direction opposing to the 
acceleration. Then, the deformation of the deformable 
portion 156 is detected from the change of resistance of 
the piezoelectric member 160. 

Referring to Figs. 12A to 12E, a process for 
manufacturing the product 158 from the silicon substrate 
will be described below. At first, prepared is an n-type 
silicon substrate 162 with a certain thickness (see Fig. 
12A) . Then, a silicon nitride layer 164 is deposited on 
one surface of the n-type silicon substrate 162 by the 
chemical vapor deposition, for example. Next, portions of 
the nitride layer are removed by the photolithography to 
form patterning grooves 166 for etching the corresponding 
portions of the silicon substrate to define the tip end 
surface and the side surfaces of each of the deformable 
portions 156. Subsequently, as shown in Fig. 12B, portions 
of the silicon substrate, exposed in the patterning grooves 
166, are etched by wet etching with a suitable alkaline 
solution or reactive ion etching, for example, forming pits 
168 from which the subsequent etching will be initialized. 

The silicon substrate 162 with the nitride 
silicon layer 164 is mounted on the electrochemical etching 
system for its etching. At this moment, the silicon 
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substrate 162 is positioned so that the nitride silicon 
layer 164 and the patterning grooves 166 opposes to the 
etching electrolyte, i.e., hydrof luoricacid, and lights is 
illuminated to the back surface of the silicon substrate 
162. The opposing electrode may be made of platinum. 

The etching is performed in two steps. In the 
first etching process, the platinum electrode and the 
silicon substrate are biased so that the silicon substrate 
is +2 volts higher than the platinum electrode. An average 
illumination is set 70 W/cm^. The ratio of the maximum and 
minimum illumination is set 1.69 or less. With this 
condition, as shown in Fig. 12C, the silicon substrate 162 
is etched to form vertical trenches 170 extending toward 
the back surface of the silicon substrate 162, 
corresponding to the patterning grooves 166. This first 
etching process is continued for about 15 minutes. 

In the second etching process, the average 
illumination is increased to 200 W/cm^. Other conditions 
are the same as those in the first etching process. As a 
result, as shown in Fig. 12D, the leading end portion of 
the vertical trenches 170 are extended laterally to form 
lateral trenches 172, which results in the individual 
deformable portions 156. 

Finally, if necessary, the nitride silicon layer 
164 is removed by etching, for example. Although one 
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product 158 is illustrated in Figs. 11 and 12A-12E for 
clarity, a number of products 158 may be formed 
simultaneously in one silicon substrate. In this instance, 
after the piezoelectric resistances are provided on the 
deformable portions, the acceleration sensors are divided 
into pieces by dicing, for example. 

Also, for the acceleration sensor, a typical 
thickness of the deformable portion may be about 20]jm. 
However, it may be varied to obtain different acceraletion 
sensors with different sensitivities- Simply by 

controlling the etching period for the first and/or the 
second etching, the thickness can be varied. 

As described above, by the use of the 
electrochemical etching method, a number of sensors can be 
manufactured in one wafer. Also, a product with a 
complicated structure can be made through one etching 
including first and second etching processes, reducing the 
manufacturing time and cost of the products considerably. 

Naturally, the above etching is used in the 
manufacturing not only of the acceleration sensors but also 
of other devices including products with a complicated 
shape . 



NINTH EMBODIMENT 

Fig. 13 shows a light conducting member 180 
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manufactured by the electrochemical etching system of the 
present invention. The light conducting member 180 has a 
.product 182 made of one n-type silicon substrate. In this 
embodiment, the product 182 is in the form of substantially 
rectangular plate including a first region or lattice 
structure 184 in which a number of small pores are formed 
at regular intervals (e.g., in a lattice) and a light 
conducting passage 186 running across the lattice structure 
184. Although the light conducting passage 186 extends in 
the form of L from one side surface 188 to another side 
surface 190, it is not limited thereto. 

The light conducting member 180 uses a feature of 
the lattice structure 188, which selectively eliminates 
light having a wavelength corresponding to the pitch of the 
pores. The feature is introduced in the Journal of Applied 
Physics, Vol. 66 25, pp. 3254-3256. With this light 
conducting member 180, when light 192 is guided into an one 
end of the light conducting passage 18 6 in the side surface 
. . 188, light 194 except for a part of light having a 
wavelength corresponding to the size of the lattice is 
transmitted through the lattice structure 184. The part of 
light 196, which is prohibited from passing through the 
lattice structure 184, is guided by the light conducting 
passage 18 6 and then fed out of the other end of the 
passage 186 in the side surface 180. As described above. 



only the part of light having the specific wavelength is 
selectively extracted. 

Referring next to Figs. 14A to 14E, descriptions 
will be made to a process for manufacturing the product 182 
from a silicon substrate. First, an n-type silicon 
substrate 200 having a certain thickness is prepared (Fig. 
14A) . Then, a nitride silicon layer 202 is deposited on 
one surface of the n~type silicon substrate 200 by the 
chemical vapor deposition (CVD) , for example. Next, 
portions of the layer, corresponding to the pores in the 
lattice structure 184, are removed by a photolithography, 
for example, forming a pattern of pores. In the drawing, 
concave portions formed by the removal process are 
indicated at 204. An interval of the concave portions 204 
is about 700iam. However, the interval may vary depending 
upon a wavelength of light to be separated. Subsequently, 
as shown in Fig. 14B, by an wet etching using alkaline 
solution or a reactive etching, parts of the silicon 
substrate exposed in the concave portions are formed with 
pits 206 where a subsequent etching will be initiated 
therefrom. 

The silicon substrate 200 with the nitride 
silicon layer 202 is mounted on the electrochemical etching 
system for the etching of the silicon substrate 200 . At 
this moment, the silicon substrate 200 is positioned so 
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that the nitride silicon layer 202 and the concave portions 
204 oppose the electrolyte, i.e., hydrof luoricacid, so that 
light is illiaminated to the opposite surface of the silicon 
substrate 200, Platinum is used for the opposing electrode. 

The etching is performed in two steps. In the 
first etching process, the platinum electrode and the 
silicon substrate are biased so that the silicon substrate 
is +2 volts higher than the platinum electrode. An average 
illumination is set 40 W/cm^. The ratio of the maximum and 
minimum illumination is set 1.69 or less. This causes that, 
as shown in Fig. 14C, the vertical pores 208 each having a 
depth of about 100]jm are extended in the silicon substrate 
2 00, corresponding to the pore pattern. 

Before the second etching process, the silicon 
substrate 200 is removed from the electrochemical etching 
system. As shown in Fig. 14D, the nitride silicon layer is 
eliminated from the silicon substrate 200 and then a metal 
layer, e.g., alinainum layer 210, is deposited by the 
physical or chemical vapor deposition, e.g., sputtering, 
instead. Also, a part of the aluminum layer corresponding 
to the light conducting passage 186 is removed. 

In the second etching process, portions of the 
silicon substrate 200, not coated with the aluminum layer 
210, are etched by the reactive ion etching. This results 
in the lattice structure 184 with pores 2 08 and the light 



conducting passage 18 6 running across the lattice structure 
184. 

With the light conducting member 180 in which 
pores are formed in a lattice, light having a wavelength of 
l,5ijm is selectively extracted. Another light conducting 
member capable of extracting light with a different 
wavelength is obtained by changing the interval and/or the 
size of the pores. Also, by the use of the above-described 
electrochemical etching method, another light conducting 
member having a larger area can be obtained. 

Although there has been described several 
embodiments in accordance with the present invention, it 
will be appreciated that the invention is not limited 
thereto. Accordingly, any and all modifications, 

variations, or equivalent arrangements which may occur to 
those skilled in the art should be considered to be within 
the scope of the present invention as defined in the 
appended claims . 



WHAT IS CLAIMED IS: 

1. An electrochemical etching system, comprising: 

an etching bath for holding an n-type silicon 
siJbstrate so that one surface of said silicon substrate 
contacts with hydrof luoricacid; 

an electrode positioned in said hydrof luoricacid; 

a power source having a positive polarity and a 
negative polarity, said positive polarity being connected 
to said silicon substrate and said negative polarity being 
connected to said electrode; and 

an illumination unit having a light source for an 
illumination of the other surface of said silicon substrate, 
wherein light source illuminates said the other surface of 
said silicon substrate with an illumination of lOmW/cm^ or 
more • 

2. An electrochemical etching system in accordance 
with claim 1, wherein a ratio of a maximum illumination to 
a minimum illumination to said the other surface of the 
silicon substrate is 1,69:1 or less. 

3 . An electrochemical etching system in accordance 
with claim 1 or 2, further comprises 

a reference electrode positioned in said 
hydrof luoricacid; and 
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a voltage meter electrically connected between 
said reference electrode and said silicon substrate, said 
voltage meter having an elevated impedance. 

4. An electrochemical etching system in accordance 
with any one of claims 1 to 3, wherein said illumination 
unit has an illumination controller for controlling said 
illumination of said the other surface of said silicon 
substrate . 

5. An electrochemical etching system in accordance 
with claim 4, wherein said illumination controller controls 
an amount of light emitted from said light source. 

6. An electrochemical etching system in accordance 
with claim 4, wherein said illumination controller has a 
modulator, said modulator being connected between said 
light source and said silicon substrate for modulating said 
light emitted from said light source. 

7. An electrochemical etching system in accordance 
with any one of claims 4 to 6, further comprises 

a current detector for detecting an electric 
current applied from said power source to said silicon 
substrate; and 
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an electric circuit for controlling said amount 
of said light emitted from said light source based upon 
said electric current detected by said current detector. 

8. An electrochemical etching system in accordance 
with any one of claims 1 to 7, further comprises a unit for 
retaining a stable quality of said hydrof luoricacid. 

9. An electrochemical etching system in accordance 
with any one of claims 1 to 8, further comprises a metal 
plate positioned on said the other surface of said silicon 
substrate, said metal plate having a number of openings 
arranged regularly for transmitting light which has been 
emitted from said illumination unit toward said the other 
surface of said silicon substrate. 

10. An electrochemical etching system in accordance 
with claim 9, wherein said metal plate is made of 
electrically conductive material and mounted on said the 
other surface of said silicon substrate. 

11. An electrochemical etching system in accordance 
with claim 10, wherein said metal plate is integrally 
formed on said the other surface of said substrate. 



12. An electrochemical etching system in accordance 
with claim 10, wherein said metal plate is independently 
formed on said the other surface of said substrate. 

13. An electrochemical etching system in accordance 
with any one of claims 9 to 12, wherein a part of said 
metal plate remaining between neighboring openings has a 
width which is equal to or less than a thickness of said 
silicon substrate. 

14. An electrochemical etching method having the 
steps of making one surface of an n-type silicon substrate 
into contact with an electrolyte, illuminating the other 
surface of said silicon substrate, and controlling an 
etching current by said illiomination to form a pore or 
trench in said one surface of said silicon substrate, 
characterized in that 

the method further comprises 

illuminating said the other surface of said 
silicon substrate with an illumination of lOmW/cm^ or more. 

15. An electrochemical etching method, further 
comprises 

arranging a metal plate on said the other surface 
of said silicon substrate, said metal plate having a number 
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of openings arranged regularly; and 

illuminating said the other surface of said n- 
type silicon through said openings. 

16. An electrochemical etching method in accordance 
with claim 14, wherein a ratio of a maximum illumination to 
a minimum illumination to said the other surface of the 
silicon substrate is 1,69:1 or less. 

17. An electrochemical etching method having the 
steps of making one surface of an n-type silicon substrate 
into contact with an electrolyte, illuminating the other 
surface of said silicon substrate, and controlling an 
etching current by said illumination to form pores or 
trenches in said one surface of said silicon substrate, 
characterized in that 

the method further comprises 

a first step in which said the other surface of 
said silicon substrate is illuminated with a first 
illumination of lOmW/cm^ or more to form said pores or 
trenches extending toward said the other surface of said 
silicon substrate; and 

a second step in which, after said first step, 
said the other surface of said silicon substrate is 
illiiminated with another illumination higher than said 



first illumination to extend said pores or trenches 
laterally to connect said pores or trenches to each other. 

18. A product manufactured by said electrochemical 
etching method in accordance with any one of said claims 14 
to 16. 
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ABSTRACT 

An electrochemical etching system (10) has an 
etching bath (12) for holding an n~type silicon substrate 
(20) with one surface (32) of the siobstrate being in 
contact with hydrof luoricacid (14), an electrode (28) 
positioned in hydrof luoricacid;. a power source (30) having 
a positive polarity connected to the silicon substrate and 
a negative polarity connected to the electrode, and an 
illumination unit (52) having a light source (56) for an 
illumination of the other surface (38) of the silicon 
substrate. The illumination unit illuminates the other 
surface of the silicon substrate with an illumination of 
lOmW/cm^ or more. Also, a ratio of a maximum illumination 
to a minimum illumination to the other surface of the 
silicon substrate is set 1.69:1 or less. With the etching 
system, pores and/or trenches of a certain size and shape 
can be foirmed in an entire area of the silicon substrate 
with a diameter of more than three inches. 
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tiiat of the application(s) from which the benefit of priority is claimed* 
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I claim &e benefit pursuant to 35 USC § 1 1 9(e) of the following United States provisional patent appIication(s): 



i V - PRIOR D.S. PROVISIONAL PATENT APPUCATIONS, 

=■ ■ ; .. i -"/^ir- ■-■ '■ BENEFn"CLAIMEDUNDER35USC§119(e) ■ 3:" :. 


,v --- APPLICATION NO. 1 


DATE OF FILING. ; 
.'(dayjoiondwyear)'- . 















I claim the benefit pursuant to 35 USC §120 of any United States patent application(s) or PCT international patent 
application(s) designating the United States of America listed below and, inso&r as die subject matter of each of the 
claims of this patent application is not disclosed in the prior patent applicadon(s) in die manner provided by the first 
paragraph of 35 USC §112, 1 acknowledge the duty to disclose material information as defined in 37 CFR §1.56 
effective between die filing date of the prior patent application{s) and the national or PCT international filing date 
of this patent appIicati(HL 



!|?^§g^AHPE|c^fK^ :' ■] 


^?|^^^|giJi:§:PATE^ 


/■ * .Kni}J i Stati^^ 




%:^r U.S.R1INGPATE- 


' PAIENTED: 




V ABANDONED 

- • l». «■ I- Z - • 


1. 










2. 










3. 










liiiSiec^iipm ■ 


^■^•r/^^^St^i^ 






U.Si?SERIALN^^ 
:/^iK3NED. 




•J. 4:-- -.-^f^H^X^z- 


r =• '""-:->• f ^ '. ■ ^ 


4. 
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As a named inventor, I appoint the following attomeys to prosecute this application and transact all business in the 
Patent and Trademaik Office connected with this patent application. 

John M-Belz, Reg. 30352^ Michael R Tobias, Reg. 32^^ Patrick R.Jewik, Reg Jffi,45fL>. 

Jefi&cy A. Wyand, Ke g. 29^58 Gregory A. Hunt, Re g. 41.085_ Joseph S. OstrofiC Reg. 39,321 

Jeremy M Jay, R eg. 33>587 ^ 

I further direct that correspondence concerning this appllcadon be sent to: 



LEYDIG. voir & MAYER, LTD. 



7 00 Thirteenth Street N.W.. Suite 300 



j ^hington, D.C. 20005 



Telephone (202) 737-677ff 



I authorize my attorneys to accept and follow instructions from regarding any 

matter related to tbie preparation, examination, grant, and maintenance of the patent supplication identified above, 
any continuation, continuation-in-part, or divisional patent ^plication based on the patent application identified 
above, and any patent issuing from that patent application, until I or my assigns withdraw this authorization in 
writing. 

I declare that all statements made herem of my own knowledge are true, that all statements made on information 
and belief are believed to be tme, that these statements were made wiSx the knowledge that willful false statements 
and tiie like so made are punishable by fine or imprisonment, or bo&, imder Section 1001 of Title 1 8 of the United 
States Code, and that such willful &Ise statements may jeopardize the validity of the application or any patent 
issued thereon. 



Full name ofsole or first inventor Shin ichi IZ UO 
f Inventor's signature _ 

^2 Date /o//6 / Country of Citizenship: Japan 

"fi^ Residence: Tokyo ^ Japan ^S^fX, 

Post Office Address: c/o Mitsubishi Denki Kabushiki Kaisha, 2-3, Marxmouchi 2-chome, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 



Full name of second joint inventor, if any: Hiroshi QHJI 




Inventor's signature NfVnsLr 

m:) f Country of Citizenship: Japan 



Residence: Tokyo^ Japan ZXT?^ 

Post OflSce Address: c/o Mitsubishi Denki Kabtishiki Kaisha, 2-3/ Marunouchi 2-chome/ 
Chiyoda-ku, TOKYO 100-8310 JAPAN 



Full name oftfairdjoint inventor, if any: Kazuhiko TSUTSUMI 



^ laventor's signature ^/T^^r^^^t^ K ^MytojU^^yi^ 

Date ^^^^/ f ^ y Country of Citizenship: Japan 

Residence: Tokyo/ Japan ^TPX 

PQStOfBce Address: c/o Mitsubishi Denki Kabushiki Kaisha, 2-3 , Marunouchi 2-chome/ 
Chiyoda-ku, TOKYO 100-8310 JAPAN 
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i 

FuUnameoffourthjoint inventor, if any: Patrick James FRENCH 

Date O^jvo \ o \ Country of Citizenship: Ireland 



Residence: Delft, Netherlands A/^K 

Post Office Address: Koetlaan 40, lSIL-2625 KS Delft, Netherlands 



Full name of fifth joint inventor, if any: 



3. Inventor's signature 

|S!SS 

p Date Country of Citizenship: 

- — ' — — ^— — ^— ^— - 

Gl Residence: 

I 1 1 Post Office Address: 

m 

J= 5 Full name of sixth joint inventor, if any: 

5 a 

^ ~ Inventor's signature 

^% ■ 

|a Date Country of Citizenship: 

Residence: 

Post Office Address: 



Full name of sevenfli joint inventor, if any: 

Inventor's signature 

Date Country of Cidzensiiq): 

Residence: 

Post Office Address: 
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